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Abstract 
With rapid increase in industries, the demand for energy and electricity production increased drastically which lead to socio-
economic and environmental problems. Among these, majorly concerned are greenhouse gas emissions (GHG) and the cost 
involved for setting up a new energy generating projects. In this paper potential for limiting greenhouse gas emissions and the 
cost-effectiveness of energy project is analyzed using ACM0012 methodology under Clean Development Mechanism (CDM) of 
Kyoto Protocol. This is mainly achieved by limiting the use of excessive available resources and by using available carbon rich 
waste fuels for energy generation in industrial sector. Implementation of such industrial energy recovery technologies (ERT) 
under CDM will helps in achieving the payback periods in a short span of time. 
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1. Introduction 
With ever increase in industrialization and the concept of globalization, energy became key driving factor of 
nation’s economy. (Peter Voser, 2012) clearly described the relation between energy and economy as ‘Energy: The 
oxygen of the Economy’ [1]. This means without energy we can’t run any of the industries which provide basic 
needs for survival of human life on this earth. It is clear, for living a comfortable life, energy is needed but these 
industries are most investment consuming and environmental unfriendly. In this case investment involved for 
maintaining environmental safety would be very high. In such cases it is better to promote ERTs in industries. 
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ERTshas both benefits for environmental safety and the capital investments needed and these ERTs are more 
economically viable when they were registered under CDM of Kyoto Protocol. 
2. Clean development mechanism 
Kyoto Protocol with a motto caring for climate, introduced three flexible mechanisms (CDM, joint 
implementation and emission trading) to help both developed and developing nations for achieving their emission 
reduction targets as 5.2% reduction in emissions on 1990 levels.India is a developing nation, so we use CDM for 
reducing GHG emission and emission trading mechanism for trading the certified emission reduction (CERs) credits 
in tCO2e. This CERs will help in getting back the capital cost invested for ERT. The main motto of CDM is to 
promote environmental friendly generation technologies i.e., emission reduction projects in developing countries for 
socio-economic benefits [2]. We have different methodologies shown in Table 1 [3, 4], the suggested CDM projects 
should use one of the approved baseline and monitoring methodologies as per the nature of project.From the 
literature study [5-9] it is evident that CDM plays a major role in the capital investments for energy industries. In this 
paper, role of CDM and emission trading scheme in energy recovery of most energy intensive industry is discussed.
 
Table 1. Methodologies for energy recovery in industries (Source: CDM methodology booklet) 
 
Sector Methodology Series number 
Energy recovery AM 
 
AM0055, 
AM0066 
AM0058 
AM0095 
AM0098 
 ACM* 
AMS 
ACM0012 
AMS-111.Q. 
 
AMS-111.B1. 
 
 ARAM -   
*Methodology used in this paper 
3. Energy recovery technology 
3.1. Top pressure recovery turbine 
ERTs became more popular in 20th century, this is mainly because of climate change problems with release of 
toxic gases and other waste fuels to atmosphere. Major industries responsible for this are chemical, steel sector, 
paper and pulp. Considering only steel sector, highly contributed waste fuel is blast furnace gas (BFG) which can be 
used for energy generation by means of gas expansion turbine called top recovery turbine. Installed capacity is 14 
MW with BFG flow as 5.5 Lakh Nm3/hr having both inlet and outlet pressures at turbine as 2.2 kg/cm2 and 0.12-
0.15 kg/cm2. BFG, produced during conversion of iron ore to liquid metal is cleaned in wet scrubber gas cleaning 
unit and made to flow in BFG network by operating Main By-pass Valve (MBV) or Sub-By pass Valve (SBV). This 
cleaned gas is allowed to flow into the turbine chamber by operating Inlet Goggle Valve (IGV), thus the power 
generation takes place using turbo-generator and the exhaust gas is fed back to gas distribution network by operating 
Outlet Goggle Valve (OGV). Turbine Guide Valve (TGV) is used for guiding turbine vanes based on the gas flow 
availability. Trip Emergency Valve (TEV) is used in emergency purposes for isolating the energy recovery unit 
from the gas distribution network. 
3.2. CERs Estimation 
     The CERs refers to certified emission reduction units i.e., 1 tCO2e is 1 CERs, estimated based on the amount of 
GHG emission reduction. Emission reduction (ERy) in any energy recovery project is difference between baseline 
emissions due to conventional fuels usage and the project emissions in a year. In this project activity, ACM0012 
methodology [11] is used for quantifying GHG emissions and the mathematical procedure is as follows: 
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Baseline emissions are given as yEFelecyEGelecBEy ,,  (1) 
     Where, BEy is baseline emissions for electricity production during the year y in tCO2; EGelec,y is electricity 
generation by energy recovery unit during year y in MWh; EFelec,y is CO2 baseline emission factor for electricity 
production with energy recovery unit during a year y in tCO2/MWh. 
Project emissions are given as  TDLyyEFecyECpyPEec  1,,,            (2) 
Table 2. Annual energy generation and corresponding emission reductions 
Operating capacity 
(%) 
Operating  
hours (hrs.) 
Energy generation 
(MWh) 
BEy 
(tCO2/MWh) 
PEec,y 
(tCO2/MWh) 
ERy 
(tCO2/MWh) 
100 * 
100 
8760 
7000 
122640 
  98000 
118960.8 
95060 
4160 
4160 
114800.8 
  90900 
  90 
  80 # 
7000 
7000 
  88200 
  78400 
85554 
76048 
4160 
4160 
  81394 
  71888 
  70 
  60 
  50 
  40 
  30 
  20 
  10 
7000 
7000 
7000 
7000 
7000 
7000 
7000 
  68600 
  58800 
  49000 
  39200 
  29400 
  19600 
    9800 
  65960 
  56745 
  47530 
  38024 
  28518 
  19012 
    9506 
4160 
4160 
4160 
4160 
4160 
4160 
4160 
  61800 
  52585 
  43370 
  33864 
  24358 
  14852 
    5346 
* Maximum operating capacity and operating hours.   # Present working condition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Energy generated vs. GHG emissions 
     
 Where, PEec,y is project emissions due to self- energy consumption during year y in tCO2; ECp,y is electricity 
consumed in the project activity during a year y in MWh;EFec,y is CO2 baseline emission factor for electricity 
consumed in the project activity in tCO2/MWh i.e., 1.3 tCO2/MWh [12]; TDLy is transmission distribution loss in 
%. 
Emission reduction is given as yPEecBEyERy ,              (3) 
For emission factor values refer [13]. The detailed amount of energy generated and GHG emissions are 
represented graphically in Fig. 1, the values are tabulated in Table 2. 
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3.3. Economic analysis 
Energy recovery project located in Visakhapatnam steel plant requires an investment of INR 862 million (in which 
32 million for operation and maintenance cost other 30 million is for impeller replacement), which is a heavy budget 
to investors. Financial status of the project whether it attractive or not depends on sensitive factors namely capital 
cost, tariff and maintenance cost. These parameter varied over a range of +/- 10 to calculate the internal return rate 
(IRR), if this calculated IRR is less than the benchmark value i.e., 21.37% then the project is not financial attractive 
without CDM revenues and the detailed sensitivity analysis is taken from the validation report of the energy 
recovery project [12] and shown in Table 3. 
  Table 3. Sensitivity analysis 
Parameter Variation (%) IRR (%) Benchmark (%) 
Capital cost -10 
+10 
17.62 
14.57 
21.37 
21.37 
Operation and maintenance cost  -10 
+10 
16.25 
15.63 
21.37 
21.37 
Electricity tariff -10 
+10 
14.31 
17.57 
21.37 
21.37 
 
In this situation, CDM plays a major role in the financial benefits of project activity by trading the CERs credits in 
the emission trading market. Cost of CERs is depends on the cost involved in reducing the emissions with the 
project and also the present market scenario. Cost involved in emission reduction of CDM project (Ci) in INR/tCO2 
is given Equation 4. [7]: 
   EmmEmbCbCmCi  /
                (4) 
Where, Cm is the cost involved in power generation of CDM project i.e., 3.45 INR/kWh; Cb is the baseline 
power generation cost i.e., 2.81 INR/kWh; Emb and Emm are the GHG emissions of baseline and CDM projects in 
tCO2/kWh. Emb is taken from Central Electricity Authority [13] 0.97 tCO2/MWh. 
With the above details, Ci is calculated as 620.8 INR/tCO2 which is almost USD 10.15/tCO2. Based on this price 
on an average 71888 CERs are traded for USD 729663.2 i.e., INR43779792 per annum (1 USD= INR 60) and this 
will be a benefit and also the add-on benefit is the cost involved in energy savings. 
4. Conclusion 
ERT discussed in this paper, uses BFG available in steel industry for generating power, with this environmental 
problems are reduced and also the effects due to use of conventional fuels for generating same amount of power will 
be reduced. Cost involved in unit power generation is much less but the major problem is high capital investment 
and payback periods are not upto the levels. The scope for promotion of this projects is also discussed using CDM 
of Kyoto Protocol. Emission estimation using ACM0012 methodology is evaluated in terms of tCO2 and each tCO2 
is one CERs. Economic viability of the project is also discussed based on the sensitivity analysis, cost for CERs is 
calculated based on the project and trading of CERs using emission trading scheme is discussed. This trading of 
CERs will help the environmental friendly generation technologies to get back their financial investments quickly. 
Thus the contribution of CDM plays major role in promoting this technologies and also provides a platform for 
sustainability. 
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